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CHAPTER I 
Introduction 
The majority of studies dealing with invertebrate 
blood vessels are concerned solely with their histology. The 
control of blood vessels has become a subject of interest but 
recently. As a result, only a few observations on the vaso-
motor system of invertebrates have been made, and these remain 
unconfirmed. 
A survey of invertebrate blood vessels shows, on the 
whole, increasing complexities of both system and structure. 
This obviously follows a corresponding increase in bulk. 
Evolution of the blood vessels 
Dahlgren and Kepner (1930) have given a simple explana-
tion of the development of extensive, highly-organized blood 
systems. A series of imaginary cellular bodies is used for 
this purpose. In each case, the surface is able 11 to transfer 
a given amount of material in a given time." The material is 
then passed by physiological processes from cell to cell inside 
the body. As each cell receives the food, it takes as much as 
it needs, then passes the remaining food to the neighboring 
cells. Figure 1 shows a small sphere with three layers of 
cells. The center cell can receive food materials only after 
they have been passed through all the other cells. If the sur- . 
face layer of cells absorbs enough to supply only three rowe, 
the organism can just exist. Under the same conditions of 
absorption, an organism with six layers of cells would perish. 
The three rows of cells in the middle would die first, both 
from starvation and from poisonous waste substances for which 
there is no means of elimination (Fig. 2). 
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Two structural changes can remedy this fatal situation. 
11 First, a series of one or more invaginations to increase the 
surface and at the same time to bring it nearer to the cells to 
be supplied. Second, some system of circulation of a fluid in 
the body to carry the materials more easily to their destina-
tions11 (Dahlgren & Kepner, 1930, p. 145). 
To illustrate the first possibility, an organism with 
six layers of cells is given two invaginations (Fig. 3). This 
increase in surface gives more absorptive area and permits 
distribution to a greater number of cells. A much larger 
organism could exist on the same principle, but the system of 
invaginations would become very complex (~ig. 4). None of the 
invaginations could become differentiated because there is no 
way for a specialized product to be distributed. As Dahlgren 
and Kepner (1930) point out, invaginations are only a low form 
of specialization from which it is impossible to advance, as in 
the case of the sponge. 
Figure 5 illustrates an organism the same size as that 
of Figure .4. Here, a system of channels with a circulatory 
fluid can distribute food and collect waste. This solves the 
problem of distribution, but the absorptive area can supply 
e only three rO\'IS of cells. In this case I all the inner cells 
would die at once. 
If systems of invaginations and circulation are com-
bined, the problems of both absorptive area and distribution 
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are solved (F,ig. 6). The poor features of either system alone 
are eliminated. With such a combination an organism 11 can be 
enlarged to almost any degree of complexity and adapted to al-
most any need 11 (Dahlgren & Kepner, 1930, p .. 147). Invagina-
tions can be differentiated here, and their products distributed 
evenly, or eliminated. 
Embryology of the blood vessels 
In both phylogeny and ontogeny, the simplest type of 
circulatory system appears as one or more irregular spaces in 
the mesodermal region. The cells of this layer form the only 
boundaries. Som e of these cells become detached and float in 
the lymph circule.ting through the spaces. Mesodermal cells 
become specialized later to form connective-tissue cells. 
Those near the circulatory spaces form the walls of the vessels. 
The cells which earlier became detached and floated in the 
lymph now become either blood corpuscles or part of the vessel 
wall. At this stage, the circulatory system is still indistin-
guishable from the other bod.y cavities (Dahlgren & Kepner, 1930). 
As a low form of specie.lization, the primary circula-
tory space enlarges into one or more long, continuous cavities 
which extend the length of the body and into the limbs or 
appendages. The fluid is caused to circulate by movements of 
the general musculature of the body. Sometimes the fluid is 
moved rhythmically, first in one direction, then in the other. 
In such a primitive system, the vascular cavity is still a 
coelom as it represents a large part of the body and contains 
the organs (Dahlgren & Kepner, 1930). 
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In some animals, part of the early coelomic cavity 
grows into a branched vessel with more or less definite walls. 
This system may be partially or completely closed. A pumping 
system moves the blood continuously, generally in one direction 
(Dahlgren & Kepner, 1930). 
The pumping system of lower animals generally covers a 
large area, while in higher animals it is reduced to a highly-
specialized, muscular heart. 
e-
CHAPTER II 
The histology_of invertebrate blood vessels 
Iur:Q.~llaria 
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The turbellarian worm has a primitive, unorganized type 
of circulatory system. The body is made up of a loose aggre-
gate of jelly-like connective tissue, or parenchyma, which is 
characteristic of Platyhelminthes. The cells here are wee~ly 
differentiated and are held together only by strands (Dahlgren 
& Kepner, 1930). The numerous intercellular spaces resulting 
from this loose union form continuous channels throughout the 
body. The system contains a fluid which acts as a simple 
blood, distributing food and oxygen, and picking up waste pro-
ducts (Fig. 7). 
This elementary type of blood system is found in a 
number of lower animals. In some higher animals, it me.y be 
found in conjunction with a more specialized type of circula-
t9ry apparatus. 
Nemertea 
The essential development in the Nemertean circulatory 
system is an endothelial lining. Dahlgren and Kepner (1930) 
have described the cells of this coat as being elongated and 
e very delicate. In many preparations, they observed the nuclei 
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projecting into the lumen of the vessel. The cytoplasm, appear-
ing as a reticulum of longitudinal, drawn- out meshes, gives the 
cell body a striated appearance (Fig. 8}. 
The endothelium is supported by a basement membrane of 
variable thickness. In the thinner vessels, it appears as a 
mere boundary. In the larger vessels, the membrane is much 
thickened. 
A layer of circular muscle fibers surrounds the base-
ment membrane. Dahlgren and Kepner (1930) found no nuclei among 
these fibers. The layer is made up of non-etriated muscle 
fibr i ls which belong to the large cells of the surrounding 
tissue. It is believed by Dahlgren and Kepner that each fibril 
may be made up of a number of myo-fibrils. Around the larger 
vessels, the fibrils are found in layers of three or four. 
Their numbers decrease in the smaller vessels, and none are 
evident in the smallest. A small amount of connective tissue 
is found scattered among the muscle cells. 
The next layer is epithelial-like. It is made up of 
connective - tissue cells and the cell bodies to which the muscle 
fibrils belong. An occasional nerve cell has been observed in 
this layer. 
Only the dorsal vessel and its larger branches have an 
addi tiona.l coat of longitudinal muscle fibers. A number of 
muscle fibrils, similar to those of the inner muscular coat, 
is found in the cytoplasm of each fiber. Dahlgren and Kepner 
(1930) believe that since only one nucleus appears in a cross 
section, the cells may form a syncytium. 
This type of circulatory system is still quite un-
specialized; first, in its lack of passive connective-tissue 
structures commonly found when a heart is present; second, by 
its essential undifferentiated parts; and, third, by a con-
tractile muscular element throughout most of its length. 
Annelida 
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The blood vessels of annelids may be constructed of one 
to four elements (Federighi, 1928): 1) an inner endothelial 
layer which is continuous or not. 2) A 'cuticula' or 'intima' 
which is continuous, structureless and homogeneous. 3) A 
nucleated adventitia with cells varying from epithelial-like 
cells to typical muscular cells. 4) An outermost layer of 
peritoneal cells which may be variously modified. 
Lankester (1865} described the various layers of the 
vessels of earthworms. An internal membrane was described as 
a 11 structureless, amorphous tunic, without epithelium." The 
external tunic wa.s made up of a more or less modified connec-
tive tissue. Between these two layers are distributed longi-
tudinal and transverse muscle fibers. Lankester described the 
transverse fibers as radiating from a point and placed in 
bundles at intervals. Contraction of these fibers caused the 
vessel to have an uneven, 'moniliform' appearance. 
Power (1878) found an endothelial layer in the smaller 
vessels of the earthworm by using a silver stain. He was 
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unable to determine whether or not a muscular coat or 'adventi-
tia 1 surrounded the vessels. The larger vessels were found to 
have a connective tissue coat. Below this, the endothelial 
cells appeared circularly disposed. 
Parker and Haswell (1897) describe only a weakly 
developed circulatory system in Sipunculus, a marine worm. Two 
. 
longitudinal sinuses made up the system, a ventral sinus and a 
contractile dorsal sinus. No epithelium was observed, but 
cilia were found in some places in the sinuses. 
Bergh (1900,a) found that a thin 1cuticula' and a 
conn·ecti ve-ti ssue layer form the blood vessels of oligochaetes. 
No endothelium was observed. The connective-tissue coat of 
non-contractile vessels is made up of irregularly outlined cells. 
In the contractile vessels, the cells of this layer are ring-
shape and form a continuous, tubular sheath. Later (1900,b), 
Bergh found that this layer varies among different types of 
annelids. In smaller oligochaetes, the connective-tissue coat 
is represented by ring-shape or half ring- shape cells which may ... 
be contractile. In larger polychaetes, this layer is made up 
of true muscle ceils with circular fibrils. Vessels with a 
layer of muscle cells have a peritoneal sheath. 
Johnston (1903) and Johnston and Johnston (1903) 
described the dorsal blood vessel of earthworms. The system is 
lined by very thin, flat endothelial cells. Sometimes only 
the muclei of these cells are visible (Fig. 9). Next, is a 
connective-tissue layer with "a few longitudinal (muscle?) 
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fibers. 11 The third coat consists of circular muscle fibers 
which cause the dorsal vessel to pulsate. Thickenings in this 
layer near the valves are believed to increase their efficiency. 
A layer of 'chloragogue' cells surrounds the whole dorsal 
vessel. 
Farker and Haswell (1897) describe rhythmically pul-
sating 'hearts' from the sixth to the eleventh segments of the 
earthworm. These have the same layers described by Johnston 
(1903). The layer of circular muscle fibers is larger, and the 
individual cells appear stronger than in the dorsal vessel. 
Also, the 1 chloragogue' cells found on the dorsal vessel are 
found only on the dorsal portion of the 'hearts'. Elsewhere, 
they are replaced by a peritoneum. 
Johnston -(1903) found that the wall of the ventral 
. -
vessel of the earthworm has no circular muscle layer. The en-
dothelium lining is more conspicuous than in the dorsal vessel. 
The connective-tissue coat appears as a strong, thick, fibrous 
layer which makes the wall of the ventral vessel rigid. Out-
side of this layer, Johnston found four to six longitudinal 
fibers which take the same stain as the body muscles. Surround-
ing the vessel is a peritoneal layer, similar to that lining 
in the inner surface of the body wall. 
The subneural vessel is made up of only an endothelium 
and a connective-tissue layer, but it is enclosed in the sheath 
of the nerve cord. The lateral neural vessels and all the 
smaller vessels have . this same structure (Johnston, 1903). 
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The dorsa-intestinal vessels and the parietal vessels 
were observed by Johnston to have a structure intermediate be-
tween vessels with a circular muscle layer and_ vessels without 
this coat. The dorsa-intestinal vessels have muscle fibers 
only at the dorsal end. Here, the circular muscle layer of the 
dorsal vessel extends for a short distance onto the dorsa-
intestinal vessels. The parietal vessels have a thick band of 
circular muscle fibers close to their connection with the dorsal 
vessel. This muscular layer is continuous along one-third to 
one-half of the length of the parietal vessel. 
Johnston found valves present in the dorsal vessel end 
in all the vessels connected with it, that is, in the thearts', 
the lateral oesophageals, the parietals, the dorso-intestinals, 
and the dorso-typhlosolars. In the dorsal vessel, the valves 
consist of a pair of large, thick flaps attached to the lateral 
walls of the vessel at a point immediately behind the openings 
of t he parietal vessels. At these points, the circular muscle 
layer is greatly thickened. The valves are always directed 
forward allowing free passage of the blood at the pulse wave. 
The flaps are pressed together to close the lumen of the vessel 
during the contraction wave. The 'hearts' have four pairs of 
valves, marking the beginning and each third of the vessel 
{Fig. 10). Johnston believed the cells forming valves were 
soft-bodied or watery, since they often appeared shrunken or 
macerated in ordinary preparations. In special preparations, 
the valves showed indistinct cell boundaries which gave a 
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striated appearance to the flaps. Longitudinal sections in-
dicated that the valve is formed by a thickening of the endo-
thelial layer quite separate from the connective-tissue layer. 
But, in cross-sections of the valves of the dorsal vessel, 
radial striations were seen running through the connective-
tissue and muscle layers. These were covered by the endothelial 
layer. 
Gungl (1904) found that the tintima' is the blood re-
taining layer in the blood ves~els of earthworms. Within this 
is an endothelial layer which is not continuous. The 1adventi-
tia1 surrounding the 'intima' is greatly modified in different 
vessels. In contractile vessels, the wall cells of the 
1 adventitia 1 are true muscle cells with circular fibrils. These 
represent the contractile element. In the capillaries, the 
'adventitia ' is simply a thin sheath of epithelial cells. 
Vessels with a muscular layer are surrounded by a peritoneal 
sheath. 
Gaskell (1914) and Parker and Haswell (1897) described 
two types of blood spaces in the leech, namely, blood vessels 
proper with muscular coats, and blood sinuses with no muscle 
cells in their walls. The two systems communicate by capil-
larie s. Gaskell :fbund the longitudinal vessels lined with a 
layer of flat endothelial cells. This layer is surrounded 
by an inner longitudinal coat and an outer circular coat of 
muscle cells (Fig. 11). The non-contract ile vessels consist 
.. ... . 
of an endothelial wall resting on a very loose connective-
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tissue. Large segmental thickenings of the vessel wall act as 
valves, completely closing the lumen of the vessel during the 
contraction wave. Here, there is an increase of muscle fibers 
which probably belong to the internal longitudinal layer 
(Gaskell, 1914). The latera-lateral vessel has the same 
endothelial and muscular layers. The latera-dorsal vessel 
may also be muscular throughout, for ~t appears to be con-
tractile. The latero-abd.ominal vessel has muscular coats only 
to the point of its bifurcation. 
Federighi (1928) made a detailed study of the blood 
vessels of Nereis virens. He found the finer structure of the 
dorsal vessel to vary over its length. In the anterior region 
over the pharynx, the vessel shows a thin endothelial layer 
with three or four nuclei in each cross section (Fig. 12). 
Surrounding this is a thicker 'intima' or 'cuticula'. The 
outermost layer is an almost continuous coat of 1Muskelzellen,' 
described by Retzius (1905) (Fig. 13). The rest of the dorsal 
vessel shows the same elements, but the 1 cuticula' is thinner 
and the 'Muskelzellen' are scattered. Also, an additional 
peritoneal layer is found (Fig. 14). This consists of scatter-
ed, loosely massed cells along the ventral surface of the vessel. 
The 'Muskelzellen' are almost typical spindle-shaped 
muscle cells on the large vessels of Nereis (Figs. 13 and 15). 
Retzius (1905) discovered the muscular nature of these cells by 
the way in which they stain with methylene blue. In general, 
the cells do not lie close together. On some of the large 
vessels, the ends of the 1Muskelzellen' branch profusely, but 
the branches seldom overlap (Fig. 16). 
Carlson (1908) found a few nerve cells in the walls 
between the 'cuticula' and 1Muskelzellen' layers. With 
methylene blue stain, the cells were observed lying obliquely 
or longitudinally. They were generally unipolar or bipolar, 
but a multipolar cell was found occasionally. 
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Federighi (1928) found an endothelium, a 'cuticula' and 
muscular -layers in the iateral 'hearts' (Fig. 17). There are 
no peritoneal cells as found on the ventral surface of the 
dorsal vessel. 
The ventral vessel was found by Federighi to vary 
through its length also. He could not demonstrate an endothe-
lium, but this does not prove that it is lacking. B'ederighi 
suggests that it may be chemically different from the endothelium 
of the dorsal vessel because it will not take the same stain. 
The inner layer of the ventral vessel is formed by a structure-
less, amorphous 'cuticula'. In its anterior third, the vessel 
has spindle-shaped cells lying along its longitudinal axis 
(Fig. · 18). An almost continuous sheath is formed in the region 
of the pharynx by these cells. They are probably muscular in 
nature, but they are not the 'J.vtuskelzellen 1 of Retzius. The 
rest of the ventral vessel is covered by an 'adventitia', which 
is a nucleated, epithelial-like layer. 
An endothelium and a 1 cuticula 1 make up the walls of 
the smaller vessels described by Federighi (1928). The 
•cuticula' here strongly resembles the endothelium of the 
capillaries. The outer 'adventitia' shows irregularly shaped 
cells with finger-like processes encircling the vessel (Fig. 
19). These are not typical 'Muskelzellen'. 
Federighi found the capillaries to have only an en-
dotheliai wall O'ig. 20). He suggests that an 'intima', too 
thin to demonstrate, may be present. 
Cells of the 'adventitia' were found by Federighi to 
vary from irregularly-shaped cells on the small vessels to 
'M~skelzellen' with processes encircling the vessel. 
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Retzius (1904) described various other types of 
1Muskelzellen' found on polychaete blood vessels. The 'Muskel-
zellen' of the larger vessels generally have a thick cell body 
and branched ends (Figs. 15 and 16).. On the medium sized and 
smaller vessels the cell body appears convex (Fig. 21). The 
branches of the smaller cells are generally wide spreading 
(Fig. 22). The cell bodies are particularly conspicuous when 
seen on the edge of a vessel (Fig. 23). 
Dahlgren and Kepner (1930) found only an incomplete 
lining of flat, thin cells with small nuclei in the blood 
vessels of earthworms. Next in order is the 'intima' which 
forms a well defined layer . In the semi-circular fhearts', 
this forms a thickened layer which is thrown into folds to act 
as valves at various points (Fig. 24). Surrounding the 'intima', 
different types of layers are found on the various vessels. 
The first of these layers in the 'hearts' is made up of heavy, 
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plain, smooth muscle fibers of the circular coat. Lying out-
side of them are their large, well-developed cell bodies with 
their round nuclei. All vessels passing through the body 
cavity are surrounded by a layer of body-cavity cells. In the 
smaller vessels, the muscle-cell coat is replaced by a layer 
of 'wall-cells' which partly encircle the vessel. These cells 
are contractile on arteries and non-contractile on veins. 
Mollusca 
The circulatory system of mollusks has well-defined 
regions of heart and vessels. 
Dahlgren and Kepner (1930) described the foot artery of 
Anodonta. They found an endothelial lining of irregular, longi-
tudinally extended cells (Fig. 25). This layer does not show 
in the larger vessels. The real blood-retaining layer, however, 
is formed by the basement membrane on which the epithelium 
rests. Dahlgren and Kepner consider this the surface of the 
surrounding connective-tissue cells. A numbe~ of single, 
circularly-arranged, smooth muscle fibers are found between the 
intima and the connective-tissue layer. A longitudinal layer 
of muscle fibers can also be demonstrated in the walls of the 
largest arteries. 
Hopkins (1936) and Kellog (1890) found that lamelli-
. . 
branchs generally have blood spaces without definite walls. 
Only the vessels in the gill filaments are lined. Here, the 
blood channels are quite regular in size and appear to be 
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lined with a distinct endothelium (Fig. 26). The blood spaces 
in the walls of the digestive tract and in the labial palps are 
reported by Kellog (1890) to resemble definite vessels and to 
have an endothelial lining. All the main arteries brea~ up to 
indefinite blood spaces within the tissue. The peripheral 
vessels have neither definite walls nor valves. The blood 
spaces are of all sizes and shapes. Having no definite 
boundaries, they are simply imbedded in a loose network of sub-
epithelial tissue. 
I, 
Hopkins (1936) found the radial vessels covering and 
partly surrounding the retractor muscle bundles (F' ig. 27). He 
also found that the cavity of accessory 'hearts' appears to be 
in the midst of a network of tissue. The muscle fibers in this 
region run in all directions (Fig. 28). Strands of connective-
tissue and muscle fibers are often found lying across the cavity 
of an expanded heart. Hopkins reports that the veins appear to 
be clearly defined structures. 
The structure of the blood vessels of cephalopods is 
similar to that of other Mollusks. In the larger arteries and 
veins, however, a powerful circular muscle layer is developed 
(Dahlgren & Kepner, 1930). This produces a strong contraction 
wave which moves the blood. In the mantle artery of a _ Florida 
octopus, Dahlgren and Kepner found a thin endothelial layer 
(Fig . 29). This rests on a thick, well-developed basement 
membrane. The next layer is formed by longitudinal folds of 
connective-tissue. This functions as a loose, movable con-
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nection between the basement membrane and the muscle layer. 
Thick, powerful, circular muscle fibers are imbedded in this 
connective tissue. The connective fibrils seen on the muscle 
fibers in Figure 29 suggest that the intercellular material in 
this region is formed by the muscle cells themselves. If this 
be the case, the fibrils do not belong to a separate connective-
tissue unit. The nuclei of the muscle cells are large and lie 
at the sides of the fibers. The whole vessel is surrounded by 
a layer of longitudinal muscles. This layer is separated from 
the circular muscle coat by a layer of connective tissue. The 
outermost covering of the vessel is formed by the lining of the 
cavity through which it passes. As the vessels diminish in 
size, the outer coats are lost until only an endothelial wall 
is evident in the capillaries (Fig. 30). 
Arthropoda 
The blood vessels of arthropoda are characterized by a 
single connective-tissue epithelium forming the chief wall, and 
an inner cuticle lining (Dahlgren & Kepner, 1930). Blood can 
pass from the large arteries into t he large blood sinuses of 
the body either directly, or indirectly through capillaries. 
Even in the highest forms, the blood system is not completely 
closed. 
Dahlgren and Kepner (1930) found a well-defined system 
in the lobster. It was divided into a definite pulsatile region, 
or rheart', definite vessels, capiliaries, and lacunar 
peripheral parts. The lacunar spaces demonstrate the basic 
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structure of the blood vessels. They are simply clefts im-
bedded in connective-tissue. The cells bordering these spaces 
shov: little differentiation except a slight cuticula.r formation 
on the surface next to the blood. The connective tissue is 
most differentiated in the arteries which carry the blood to the 
sinuses (Fig. 31). · Here, Dahlgren and Kepner found that the 
cells are smaller and form a continuous layer. Striations at 
right angles to the axis of the vessels are evident in this 
coat. A rather thick cuticle is secreted on the surface of 
the vessel. This is believed to be elastic in living animals. 
Thickened ribs, .running with the a.."Cis of the vessel, make the 
surface of the cuticle irregular. Outside of the epithelial 
layer, Dahlgren and Kepner observed connective-tissue cells 
which have become differentiated. Within these cells, many 
circular connective-tissue fibrils have developed obscuring 
both the cytoplasm and the nucleus. The fibrils are much curled 
and twisted, and are suggestive of an elastic nature. 
'The structure of the veins is intermediate between 
that of the arterie s and that o·f the sinuses. Dahlgren and 
Kepner have observed a few of these veins, in special positions, 
to have lining cells. These have a flat epithelial-like 
arrangement with fine fibrils developed in the first layer. 
Dahlgren and Kepner have studied the gill capillaries 
of Amphitrite as an exceptional case. Here, the vessels have 
no connective-tissue covering. The blood simply flows among 
ectodermal-epithelial cells. It is quite possible, however, 
that a connective-tissue layer, too thin to detect, may be 
present. 
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For such a highly specialized group, insects have a 
notably simple circulatory system. The dorsal vessel has 
been well studied and appear~ to be of a rather constant 
structure, but of the system as a whole, relatively little 
is known. Sharp (1922) doubted the possibility of definite 
blood channels beyond the aorta. Imms (1924) suggested that 
the larger spaces may be enclosed by a membrane forming 
definite sinuses. He also pointed out that in the appendages 
and wing veins, the blood follows definite paths which are 
analogous to blood vessels. Recently, Mcindoe (1939) des-
cribed definite segmental vessels. 
The dorsal heart of the larva of Imperialis is typi-
cal of insect hearts in general (Fig. 32). Dahlgren and 
Kepner (1930) describe an inner layer of flat cells. These 
secrete a homogeneous and elastic cuticle on their exposed 
surface. The cells are large and are formed mainly by a 
large central mass of cytoplasm. The outer coat of the 
vessel has the same structure, but the cells are smaller. 
The lower half of this layer is evaginated into series of 
processes which are closely related to a plexus of tracheal 
capillaries. These nucleated processes are covered by a 
very thin continuation of the cuticle layer. The middle coat 
is made up of a single layer of indistinctly striated muscle 
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fibers. The only suggestion of a ca rdiac feature found by 
Dahlgren and Kepner is a slightly shorter sarcous element. 
The nuclei of the muscle layer are nearly indistinguishable 
from those of the inner and outer cellular layers. Surround-
ing the outer coating of the vessel is an 'adventitia' which 
bears the tracheoles (Wigglesworth 1 1939). 
The aorta commonly has the same structure as the 
heart. 
Mcindoe (1939) found segmental vessels rising later-
ally from the heart of adult cockroaches. These vessels are 
about one-third the width of the heart. At their origin, 
they are partly closed off by a valve (Fig. 33). Each ves- · 
sel is reported by Mcindoe to be more or less surrounded by 
fat cells and pericardial cells. A trachea and a la te·ral 
cardiac nerve cross the dorsal surface of the base of each 
segmental vessel. 
The valves found by Mcindoe are made up of three to 
fifteen cells which are suggestive of fat cells. Many valves 
appeared fibrous and spongy. The nuclei are prominent and 
vary in number, from one to many, depending on the size of 
the cell. Near the origin of the vessel, the muscle layer 
of the heart appears partly striated and partly non-striated. 
Some of these non-striated fibers are found scattered amongst 
non-muscular tissue in the walls of the segmental vessels. 
Moving distally along this vessel, the muscular and non-mus-
culartissue become about equally divided. Farther on, t h e 
vessel wall appea rs to be only muscle tissue, but beyond 
this point, the non-muscular tissue is more abundant, and 
only a few muscular elements are present. 
Echinodermata 
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A very elementary circulatory system is found among 
echinoderms. The walls of t he vessels are fo"rmed by an 
endothelium which rests on a loose connective tissue (Dahl-
gren and Kepner, 1930). 
Cephal ochorda 
In Amphioxus, the blood system is well defined. All 
the vessels are made up of a simple endothelium resting on 
connective tissue. In the larger arterial trunks, the sur-
r ounding connective tissue is differentiated to a coat of 
circular muscle fibers {Dahlgren and Kepher, 1930). 
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CHAPTER III 
The Control of Invertebrate Blood Vessels 
Literature on the mechanisms controlling invertebrate 
blood vessels is very scanty. The few studies which have been 
made on this subject are, as yet, unconfirmed, and the inter-
pretations of discovered facts are almost as numerous as the 
investigators. 
Evolution of the Controlling Mechanism 
Rogers (1927) has plotted an interesting course of 
evolution of the controlling element of blood vessels. He 
believes that the endothelium forming the capillary walls 
may have been contractile originally. These cells would 
have helped to circulate the body fluid. Soon muscle fibers 
were laid on the vessels. This was the means of regulating 
the lumen of the vessel, but nerve connections to the muscle 
fibers were necessary for effective functioning. A simple 
nerve net of primitive nerve cells became associated with 
the muscle cells on the vessel walls. Rogers ascribes two 
main functions to this nerve net: first, it received impulses, 
and second, it gave rise to motor impulses. 
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As the bulk of an organism increased, muscle and 
nerve tissue spread over one or more longitudinal tube·s. 
These tubes assumed more or less regular contractions which 
caused the blood to circulate, generally in some definite 
direction. This arrangement is well illustrated by the dor-
sal vessel of the earthworm. 
As individual Metazoa increased in body mass, a cor-
responding increase in the maintenance system was necessary. 
The amount of body fluid must be increased, but, as Rogers 
points out, this alone is not effective in large animals. 
Some mechanism is needed to move the fluid about, and to keep 
it in close contact with the body cells. The amount of body 
fluid necessary is less in a circulating blood .sys tern than in 
a stagnant blood system. Also, the rate of blood supply is 
an important feature in keeping conditions constant for the 
body cells which work at a definite metabolic rate. 
Turbellaria 
Circulation through the intercellular spaces of 
turbellarian worms is due to the body movements of the . 
animal (Dahlgren and Kepner, 1930). The body fluid takes 
no definite course. 
Nemertea 
Dahlgren and Kepner (1930) found an occasional nerve 
cell associ e. ted with the cell bodies of the muscular layer 

show nerve endings on these cells (Fig. 34). Sometimes, 
however, the nerves appeared to end on the vessel itself. 
Retzius stated his doubt concerning the innervation of the 
vessel wall. He believed that the nerve probably did not 
stain to its end. It is possible tha t these are sensory 
nerve endings. 
Carlson (1908) studied the nervous tissue in the 
pulsating vessels of Nereis and Arenicola. Various types 
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of nerve cells could be distinguished in preparations 
stained with methylene blue (Figs. 35, 36 and 3?). General-
ly, these cells are unipolar or bipolar, but a multipolar 
cell is sometimes found. The nerve fibers and axis cylinder 
processes often show varicosities which are typical of non-
medUUated nerve fibers stained with methylene blue. Carlson 
states that the nerve cells appea red not to be massed in 
definite regions, but to be scattered throughout the whole 
vessel wall. 
Carlson was convinced tha t these cells were not 
connective tissue cells, but nerve cells 1 because of their 
structure, anatomical connections~ and staining reactions. 
The rorm or the cell was identical to that of some unipolar 
and bipolar cells of the ventral ganglion. Also, the vari-
cosities which he observed are typical of non-medullated 
nerve fibers of worms, but are unknown on connective-tissue 
fibers stained with methylene blue. As still further proof 
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of their character, Carlson found some of the axis cylinders 
leading into the nerve plexus which surrounds the muscle 
strands. 
In attempts to establish a connection between the 
nerve cord and the pulsating vessels, Carlson obtained .only 
negative results. However, when he stimulated the ventral 
nerve cord of Arenicola with a weak, interrupted current, 
the oesophageal 1hearts 1 were inhibited in diastole. The 
rate and strength of the pulsations of the dorsal vessel 
were increased. These changes, he admits, may be due to 
contractions of structures adjacent to the pulsating ves-
sels. It is possible for these changes to influence the 
rhythm of the pulsations to some extent. The dorsal ves-
sel appeared never to be inhibited by stimulation of the 
ventral nerve cord. 
The pulsations of the dorsal vessel of fer further 
indirect proof of a connection between pulsating vessels 
and the ventral nerve cord. Carlson found the pulsations 
to be more variable in an intact specimen of Nereis than 
in one from which the ventral nerve cord has been removed. 
It is also significant that there is no known case of peri-
pheral nerve plexus isolated from the central nervous system. 
In view of the active contractility of isolated 
portions of the dorsal vessel and oesophageal 'hearts,' 
Carlson believed that the mechanism initiating and main-
e· 
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taining the rhythm must be within the vessels themselves. A 
strong stimulus on the oesophageal 'hearts' of Arenicola pro-
duced a cont raction at any phase of the beat at which it was 
presented. Strong stimuli caused pulsatile vessels t .o show 
the same extreme and prolonged tonus exhibited by the body 
musculature under stimilar stimulation. In the dorsal ves-
sel, this type of contraction is strictly localized tothe 
part directly stimulated. Stimuli applied to the posterior 
parts of the dorsal vessel appear to increase the rhytroo. 
In view of this evidence, Ca rlson believes that the effect 
produced by a stimulus is not transmitted, whatever the 
mechanism of conducting a contraction wave may be. 
The dorsal blood vessel and oesophageal 'hearts' 
were found by Carlson to be polarized. The mechanism for 
this polarization is unknown. It was possible, however, to 
reverse the direction of a contraction wave by stimulation. 
Normal contraction waves in Nereis and Arenicola 
start at the posterior end of the dorsal vessel. These 
often fade in the middle of the animal. Carlson reported 
that some contraction waves appear to originate in the mid-
region of the vessel. 
Parker (1923) questioned the presence of true muscle 
cells and their function as the contractile element on in-
vertebrate blood vessels. Retzius (1905) described muscle 
cells and their innervating fibers, but Beams, Stuart and 
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McCroan (1933) deny the muscular nature of these cells. They 
describe wandering amoeboid cells with extended pseudopodia 
adjacent to the capillaries of Nereis. These, they state, 
are not permanently associated with the vessels and do not 
represent their contractile element. In view of their ob-
serva tions, they agree with Federighi (1928) that pulsations 
are due to the active and independent contractility of the 
endothelium. The isolated muscle cells on the large blood 
vessels are attributed to the contractile function here, 
however. 
Federighi (1928), studying the dorsal vessel of 
Nereis, observed that the contraction wave begins between 
the fourth and tenth posterior segments. He never obser-
ved contraction waves to begin in the middle of the vessel, 
as Carlson (1908) had. Waves successfully passing the middle 
of the animal invariably continued throughout the length of 
the vessel. 
Federighi (1928) described the contraction wave as 
'peristaltic.' He believed it was due rather to the con-
traction of a continuous coat than to the contraction of 
individual 'Muskelzellen.' When the waves appeared more 
frequently, they traveled only a short distance. 
The same non-transmissible contractions described 
by Carlson (1908) were observed by Federighi (1928). These 
he produced by mechanical, electrical and chemical stimula-
tion. They tended to persist for a short time after the 
stimulus was removed. All the contractile vessels show 
these pronounced local constrictions. 
The rhythmic contraction of the isolated dorsal 
. blood vessel described by Ca rlson (1908 ) is also described 
by Federighi (1928). 
29 
Federighi studied the effects of drugs both on the 
inta ct animal and on the isolated dorsal blood vessel. The 
specimens were placed in sea water to which drugs had been 
added in various concentrations. 
Strychnin in concentrations weaker than 1:1000 had 
no effect on intact worms. In the same solution, the iso-
lated dorsal vessel showed local contractions over its whole 
length. Sometimes, contraction waves originating in the 
middle of the vessel moved anteriorly and posteriorly. This 
represented loss of coordination. These local constrictions 
resembled t hose obtained by direct stimulation of the dorsal 
vessel. 
Chloretone in a 1:1000 solution caused the contra c-
tion waves to begin in the middle of the animal and to move 
toward the head and tail. The contraction wave was otherwise 
normal. 
In a 1:1 00 ,000 solution of nicotin, the dorsal ves-
sel was completely relaxed and showed no constrictions at 
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any point. The smaller vessels became quite dilated causing 
the animal to appear red. Nicotin solutions in concentra-
tions of 1:10,000 or 1:1000 caused normal, polarized con-
traction waves to appear in the a.nterior third of the vessel. 
No effects could be obtained by Federighi with solu-
tions of atropin in concentrations up to 1:100, or with solu-
tions of adrenalin in concentrations up to 1:1000. 
The effects of strychnin and nicotin on the dorsal 
vessel are antagonistic. When the vessel had been complete-
ly relaxed in a nicotin solution, it would resume its nor-
mal, rhythmic contractions if placed in a strychnin solution. 
Conversely, when the vessel had been treated with strychnin, 
producing local constrictions, it would become completely 
relaxed if placed in a nicotin solution. 
All the results were the same for both intact ani-
mals and isolated dorsal vessels. In view of these findings, 
Federighi believes the drugs have a direct effect on the 
vessel itself, and not an indirect effect through the central 
nervous system. This effect may be either on the contractile 
elements or on the nerve endings on the vessel. 
Removal of the ventral ganglionic chain does not 
affect the normal transmission of the contraction wave, 
Federighi found. When the dorsal vessel is cut, the con-
traction wave jumps the cut and continues normally. Cutting 
the ventral ganglionic chain had no effect on the contrac-
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tion wave. The results are still negative when both the dor-
sal vessel and the central ganglionic chain a r e cut. As 
Federighi points out, even when the dorsal vessel is cut, 
the pieces are still connected by lateral branches. These 
may be the means of transmitting the impulse over the cut 
in the vessel. These findings preclude any belief in the 
control of the dorsal vessel by ganglionic fibers. 
In annelids with a continuous muscle coat on the 
blood vessel walls, contraction is probably due to the ac-
tivity of this layer. Contraction in vessels without this 
coat must be through some other mechanism. To determine 
the contractile element of a nnelid blood vessels, Federighi 
experimented with the lateral 'hearts.' Studying isolated 
'hearts' pinned to para ffin blocks, he believed the contrac-
tion wave to be due to a continuous layer. He points out 
that if the 'Muskelzellen' were the contractile element, 
the vessel would be pinched under the contracted cells. 
This he did not observe. Moreover, contractions in the 
lateral 'hearts' are rhythmic, but only a very few 1Muskel-
zellen' are present there. 
Federighi then treated the isolated hearts with a 
1:2000 solution of methylene blue. The vessel was still 
contracting normally. 1Muskelzellen 1 were never observed 
in active contraction. Sometimes, there was a delay before 
the 1Muskelzellen 1 collapsed passively onto the contracted 
vessel. Since the contractions of both stained and un-
stained vessels were identical, the 1Muskelzellen 1 were not 
killed in staining. 
Federighi next attempted to prove the contractility 
of the epithelial coat. By vigorous treatment with drugs, 
the surrounding layers were separated from the endothelium. 
The endothelium would contract away from the 'cuticula' and 
leave a space. Federighi considered this conclusive proof 
of the contractility of the endothelium. 
To determine the functiori of the 'Muskelzellen,' an 
isolated portion of the dorsal blood vessel was studied. 
Iv echanical stimulation with a needle caused a pronounced 
local constriction 1Nhich persisted for some time after 
the needle was removed. There was no transmission. Fed-
erighi interpreted the constriction as one caused by the 
contraction of several 1Muskelzellen. 1 Attempts to stain 
these portions were unsuccessful because the constriction 
was so great it obscured the individual 1Myskelzellen. 1 
Similar constrictions on stained lateral 'hearts' showed 
the ' Muskelzellen• to be shorter and stouter as if the 
cells had contracted actively (Fig. 38). 
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If a contractile vessel is cut, the free ends con-
strict at once. This prevents great losses of blood in the 
Nereis which breaks so easily. 
Federighi claims that strychnin acts on these cir-
cular 1 Muskelzellen. 1 Local constrictions caused by the 
drug are similar to those caused by direct stimulation, which 
he attributes to the contraction of the 'Muskelzellen. 1 It 
should be remembered, however, that these cells have never 
been observed in active contraction. 
Federighi believes that the tMuskelzellen 1 function 
only on direct stimulation, but in further development of a 
continuous layer, they have taken over the contractile func-
tion of the endothelium. 
Cephalogoda 
Alexandrowicz (1928) studied the innervation of 
Cephalopod blood vessels using 'blanc de rongalite. 1 He 
found that the large arterial trunks were accompanied by bran-
ches of nerves. These nerves branched freely, forming a fine 
nerve plexus over the vessel (Fig. 39, A). At some places, 
the branches were observed to penetrate the muscular coating 
of the vessel. The endings of the nerves could not be easily 
distinguished because of the varicosities on the fibers. \hen 
the large arteries branches, the nerves divided and formed 
a plexus over the branch, too. This occurred down to the 
fine branches. Alexandrowicz found only a few branching 
nerve fibers on the precapillaries (Fig. 39, B). These 
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were generally twined about the vessel. On the capillaries, 
the nerves did not appear to be continuous (Fig. 39, C)a 
Attempts to demonstrate nerve cells in the walls of the ar-
teries were unsuccessful. 
There is a similar ner.ve supply to the cephalopod 
veins, but the nerves are smaller and fewer in number. In 
some cases, Alexandrowicz observed an exchange of nerve 
fibe r s between ~rteries and veins. The vasomotor nerves 
were never seen to anastomase with the nerves of other organs. 
In view of this, Alexandrowicz believes that the vasomotor 
nerves form an independent system in Cephalopods. 
Insectfi 
Mcindoo (1939) studied the innervation of segmental 
vessels of cockroaches by dissection. Two lateral cardiac 
nerves run along the lateral edges of the heart and pass 
dorsally over the base of the segmental vessels. Fine 
parallel fibers run the full length of the vessel on the 
,
1 ventral side (Fig. 40). At the lase of the vessel, the 
parallel fibers sometimes anastomase to form a network. 
Mcindoe observed a nerve cell on each side of the 
base of the segmental vessels (Fig. 4l)a Occasionally, the 
nerve cells are found together on one side. The cells are 
generally found in branches of the lateral cardiac nerves. 
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Each cell sends out fibers to the network formed by the paral-
lel nerve fibers at the base of the vessel. The direct re-
lationships of these nerve fibers to the elements in the wall 
of the segmental vessel have not yet been determined. 
Echinodermata 
Wyman and Lutz ( 1930) ,. working on the intestinal 
blood vessel of Stichopus, found that adrenalin had an ex~ 
citatory effect. An isola ted portion of the intestine, with 
the intestinal blood vessel attached, was placed in 100 c.c. 
of sea water. The pulsations of the ve s sel remained fairly 
uniform for at least 30 minutes. If adrenalin chloride is 
added to bring the solution to a I:lOO,OOO concentration, 
there is a marked acceleration of the beat. In a solution 
of I:50,000, the vessel sometimes shows a violent contractile 
spasm preceding acceleration. Solutions of atropine sulphate 
in concentrations of I:5,000 or I:lO,OOO stopped the beat. 





As large Metazoa developed, osmosis and streaming 
of protoplasm had to be replaced by a more efficient main-
tenance system. A complP.X arrangement of inva.ginations would 
provide sufficient absorptive area, but no advance is pos-
sible with such a system. Circulation is an effective means 
of distributing materials, but a large body with an entire 
surface cannot absorb enough material to maintain itself. 
By combining systems of invaginations and circulation, however, 
the poor features of each system are eliminated. 
The endothelial lining of organized blood systems 
may have been contractile, originally. Soon, muscle cells 
were laid on the vessels to control the lumen. Nerve fibers 
to these muscle cells increased their efficiency. 
With a continued increase in the body mass of Meta-
zoa, muscle cells and nerve nets spread over one or more 
longitudinal tubes. These tubes assumed contractions to 
circulate the body fluid at a definite rate. Thus, all the 
body cells are continuously bathed in the body fluid. 
The vascular system of Turbellaria is simply a 
system of intercellular clefts. An unorganized type of cir-
culation is caused by body movements. (Dahlgren and 
Kepner, 1930). 
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Nemertea have well defined blood vessels, but they 
are undifferentiated and still primitive in their extended 
muscular element. The walls are made up of an endothelium 
resting on a basement membrane, surrounded by circular mus-
cles and connective tissue. Only the larger vessels have an 
additional layer of longitudinal muscles. Circulation is 
still dependent on body movements, although a few nerve cells 
have been found in the connective-tissue layer. (Dahlgren 
and Kepner, 1930). 
Bergh (1900, a and b) believed that the connective 
tissue layer is the contractile element of oligichaete blood 
vessels. In pulsatile vessels, the cells may be ringshape, 
forming a tubular sheath, or they may be true muscle cells 
with circular fibrils. 
Gungl (1900) attributed the pulsations of earthworm 
blood vessels to the tadventitia, 1 which corresponds to the 
connective-tissue of Bergh (1900, a and b). 
The dorsal vessel of earthworms and Nereis is made 
up essentially of an endothelium on a connective-tissue layer, 
surrounded by circular muscle cells and peritoneal cells 
(Johnston, 1903; Federighi, 1928; Dahlgren and Kepner, 1930). 
In the earthworm 1 the ventral vessel has almost the same 
structure, but longitudinal muscle fibers are substituted 
for the circular cells (Johnston, 1903). In· Nereis no 
endothelium has been demonstrated, and longitudinal muscle 
cells are numerous only in the anterior region (Federighi, 
1928). 
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The lateral ,. hearts r of annelids have the same struc-
ture as the dorsal ve ssel with the exception of an outer 
peritoneal layer. Toward the smaller vessels, muscle cells 
become scarcer, and in the capillaries, endothelium alone 
forms the wall (Federighi, 1928). 
Leeches have two types of endothelial-lined blood 
spaces: first, blood vessels proper with longitudinal and 
circular muscle cells: second, blood ainuses with no mus cle 
cells in their walls (Gaskell, 1914). 
The muscle cells found on the walls of annelid blood 
vessels vary from spindle shaped cells to convex cells with 
wide branching processes (Retzius, 1905). The control of the 
vessel WflS attributed to these ' Muskelzellen' by Retzius (1905), 
who found them well supplied with nerve branches. This func-
tion is doubted by Parker and Haswell (1897), Federighi (1928), 
and Bea.ms, Stuart and McCroa.n ( 1933), all of whom believe 
that the endotheliQm is the contractile element. 
Carlson (1908) found unipolar, bipolar, and multi-
polar nerve cells in the blood vessel walls of Nereis and 
Arenicola. The axis cylinders of these cells lead to a nerve 
plexus which surrounds the muscle layer. Since there is no 
known case of a nerve plexus isolated from the central ner-
vous system, Carlson believed that the nerve net formed such 
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a connection for the dorsal blood vessels. There appears 
to be such a connection because pulsations of the vessel in 
an intact animal are more irregular than in an i solated 
vessel. But, the fact that an isolated blood vessel continues 
to pulsate suggests that the mechanism for the initiation 
and maintenance of the pulsations lies in the wall of the 
vessel (Carlson, 1908; Federighi, 1928). For further proof 
of this, Federighi found that solutions of various drugs have 
identical effects both on isolated vessels and on vessels of 
intact animals. He also observed 'Muskelzellenr collapsing 
passively on the walls of lateral 'hearts. 1 To these cells, 
he attributed the function of contraction on direct 
stimulation only. 
The circulatory system of mollusks is differentiated 
to a heart and blood vessels. An endothelium lines all the 
ve ssels except the larger ones. This is surrounded by a 
basement membrane and a number of circular muscle fibers im-
bedded in connective tissue. The larger vessels have an 
additional layer of longitudinal muscle fibers (Dahlgren and 
Kepner, 1930). 
The main arteries of lamellibranchs break up into in-
definite blood spaces without walls. These are simply clefts 
imbedded in a loose network of sub-epithelial tissue (Hopkins, 
f 36). However, the blood. spaces in the digestive tract and 
labial palps appear to have an endothelial lining (Kellog, 
1890). There is a definite endothelium i n the vessels of the 
gill filaments. 
The mantle artery of the octopus shows a high de-
gree of development. The endothelial lining is surrounded 
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by a thick basement membrane which is thrown into longitu-
dinal folds. Around this is a powerful circular muscle layer 
separated from an outer layer of longitudinal muscle fibers 
by connective tissue. The outermost coat is formed by the 
lining of the cavity through which the vessel passes 
(Dahlgren and Kepner, 1930). Branching nerve trunks accom-
pany these arteries, sending out a nerve supply with each. 
Some bra nches appear to penetrate the muscle coat 
of a vessel. Nerve fibers are fewer on precapillaries, and 
appear to be discontinuous on capilla.ries.. 'rhere are only 
a few nerve fibers on the veins. These vasomotor nerves 
have never been observed anastomosing with nerves of other 
organs, so it is possible that they form a separate system 
(Alexandrowicz, 1928). 
The circula tory system of the lobster is clearly 
divided into a heart, vessels, capillaries, and lacunar peri-
pheral spaces. The spaces represent the typical structur e 
• of tLe vessels. They are simply clefts imbedded in connective 
tissue which is undifferentiated except for a little cuticle 
covering the surface next to the blood. In the arteries, the 
connective-ti s sue cells are smaller and form a continuous 
layer. The cuticle here is much thickened. The cells for-
ming the lining of the veins epithelial-like (Dahlgren 
I e 
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and Kepner, 1930). An adventitia bearing tracheoles sur-
rounds the whole vessel (Wigglesworth, 1909). The aorta has 
the same essential structure as the heart. 
Segmental vessels in the cockroach were described re-
cently by Mcindoe (1939). They rise laterally from the heart 
and are separated from it ~y a valve. Non-striated muscle 
fibers are scattered throughout the vessel walls. Fat 
cells and pericardial cells cover the vessel. Two lateral 
cardiac nerves pass over the segmental vessels near the heart. 
Parallel nerve fibers on the ventral side form a network near 
the heart. Two nerve cells, lying in branches of the lateral 
cardiac nerves, send fibers to this network. 
Echinoderms have a very primitive system. The· vessels 
consist of an epithelium only which rests on a loose connective 
tissue (Dahlgren and Kepner, 1930). 
Wyman and Lutz (1930) found that adrenalin has an 
excitatory effect on the intestinal blood vessel of Stichopus. 
Atropine sulphate has an inhibitory effect which can be over-
come by adrenalin. 
The vessels of Amphioxus are an endothelium on a 
connective tissue, but the larger vessels have an additional 
coat of circular muscle fibers (Dahlgren and Kepner, 1930). 
i 
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PLATE I 
Fig. 1. A body of cells small enough to secure necessary 
exchanges through surface cells (from Dahlgren 
and Kepner). 
Fig. 2. A boCI.y of cells too large to secure necessary 
exchanges through surface c'ells (from Dahlgren 
and Kepner). 
Fig. 3. A body of cells the same size as Fig. 2, but 
with an increase of surface by invaginations 
until sufficient to work the necessary ex-
changes (from Dahlgren and Kepner). 
Fig. 4. Diagram of a larger body with an extensive system 
of invaginations. The surface is sufficient, but 






Dia gram of a large mass of cells with a perfect 
circulatory system but insufficient surface 
(from Dahlgren and Kepner). 
Large mass of cells with a perfect circulatory 






Body of tissue from a small flat-worm to show 
the intercellular clefts which act as circulatory 
channels (from Dahlgren and Kepner). 
Longitudinal section of a part of the wall of 
a blood vessel of Cerebratulus lactatus (from 





Diagram of a horizontal section of the dorsal 
vessel of an earthworm, and those emptying 
into it. One somite and part of a second are 
shown. The last part of a pulse wave and the 
greater part of the following contraction wave 
are also shown. The chloragogue cells are not 
represented (from Johnston). 
Diagram of a cross section through one of the 
'hearts' of an earthworm. Peritoneum and 





Fig. 11 Cross section of the main artery of a leech 
(from Gaskell). 
Fig. 12 Cross section of the dorsal blood vessel of 
Nereis in the region of the pharynx (from 
Federighi). 
Fig. 13 Whole mount of the dorsal blood vessel of 
Nereis in the region of the pharynx (from 
Federighi). 
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PLATE VI 
Cross section of the dorsal blood vessel 
in Nereis in the posterior pa rt of the 
animal (from Federighi). 
Spindle-shaped ' Muskelzellen' on a large 






Fig. 19 Whole mounts of Nereis vessels with methylene 
blue (from Federighi). 
A. Large capillary 
B. La teral branch 
C. Lateral 'heart.' 
Fig. 20 Cross section of a capillary of Nereis stained 
with Ehrlich's hematoxylin-eosin (from 
Federighi). 
Fig. 21 'Muskelzellen' on medium-sized and small 
vessels of Nereis showing the convex cell 
body (from Retzius). 
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PLATE IX 
Fig. 22 ' Muskelzell en' on smaller blood vessels showing 
wide spreading branches (from Retzius). 
Fig . 23 Convex cell body of 1Muskelzellen 1 as seen 




Fig. 24 Longitudinal section of part of the wall of 
a 'heart' in a wire worm, Allolobophora 
(from Dahlgren and Kepner). 
Fig. 25 Part of a transection of a foot artery of 




PLATE · XI 
Fig. 26 Cross section of a single filament of the 
gill of Pecten (from Kellog). 
Fig. 27 Semidiagramatic drawing of a cross section 





Fig. 28 Two portions of the wall of an expanded 
accessory heart of Ostrea gigas (from Hopkins). 
Fig. 29 Transection of part of an artery wall of an 




Fig . 30 Cross section of a small capillary of an 
octopus. (from Dahlgren and Kepner) 
Fig . 31 Part of a transection of the wall of the 
a rtery of a lobster (from Dahlgren and Kepner). 
Fig . 32 Part of a transverse section of the heart wall 
of an I mperialis larva (from Dahlgren and 
Kepner). 
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Fig. 33 Cross section of the heart of a cockroach showing 
the segmental vessels in the third abdominal seg-
ment (from Mcindoe). 
Fig. 34 Methylene blue preparations showing nerve endings 
in the 1Muskelzellen 1 (from Retzius). 
Fig. 35 Ganglion cell and a portion of the nerve plexus 
in the walls of the dorsal blood vessel of Nereis 
(from Carlson). 
Fig. 36 Ganglion cell and its processes ramifying on the 
muscle strands in the oesophageal 'hearts' of 
Arenicola (from Carlson). 
Fig. 37 Types of ganglion cells in the walls of the 
supraintestinal blood vessel of Arenicola. 
The processes of cells A-D could be followed 
(from Carlson). 
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PLATE XV 
Fig. 38 Whole mount of a lateral 'heart' of Nereis 
showing distended and constricted regions 
(from Federighi). 
Fig. 39 Nerves on blood vessels of the stomach of Sepia 




Fig. 40 Fine parallel nerve fibers on the ventral 
side of a segmental vessel of the cockroach 
(from Mclndoo). 
Fig. 41 Nerve cells on the base of a segmental vessel 
of a cockroach. Each cell seems to be tripolar: 
one pole leads to the cardiac nerve, and the 
other two poles lead into the branches which 
appear to go into the heart and vessel (from 
Mcindoo). 
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